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INTRODUCTION STATEMENT 




The California State Polytechnic University, Po'mona received an NSF Grant 
' to assist in the development of an engineering technology program. This engi- 
neering technology program is to be implemented within an existing School of 
Engineering. We have attempted to use the funds made available in such a joay 
that educational institutions, in addition to Cal Poly, Pomona might benefit 
from our investigations, conclusions and recommendations. We have designated 
several areas in which we feel an inpot is needed in order to meaningfully 
develop an engineering technology program. One of these areas, is that of » 
laboratory equipment and facilities.. 

Dr. Quay D. Ives, Chairman of our Engineering Service Department, was asked 
to' assist in establishing a model for engineering technology laboratories. His 
charge was as follows: 

"Quay D. Ives August 7, 1973 

In order to insure proper direction of the Engineering Technology 
Department at Cal Poly, Pomona and simultaneously contribute needed 
information t-o the National Community of Universities and Engineering 
Schools {via NSF Grant reporting), it is proposed that additional . 
thought be given to the objective, constraints and controlling para- 
meters of a viable and meaningful laboratory for Engineering Tachnology 
programs. Therefore, the following assignment is proposed to afccomplish 
these ends: * » ' 

Develop a concise model, or models, for Engineering Technology laboratories 
based on ^e following considerations: 

1. Identify clearly and concisely the objective of the Engineering 
Technology laboratory and means o# verifying the validity of the 
objective. 

2. Expectations of industry as to student capability at graduation.^ 

3. Identify clearly the Engineering Technology laboratory experience 
as compared to current apd/or traditional disciplines. 

4. Viable options, if any, for gaining practical or laboratory experience 
other than the% Universi ty laboratory. 



5. Constraints on facilities and equipment selection.- 

6. Roll the instructor plays in the 'Engineering Technology Tabofatory. " 

. Or. Ives report titled, "Laboratory Characteristics in Technical Education" 
approaches lab requirements for technical . use simultaneously from a philosophical 
point of view and a practical point of view. This report should 'be of value to 
thos^ people involved with technical education, whether it be engineering or 
engi needing technology. 
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A CRITICAL ANALYSIS AflD DETERMINATION OF TECHNIck SCIENTIFIC SHOPS AND 
LABORATORY PROGRAM CHARACTERISTICS IN TECHNOLOGICAL EDUCATION: 
EMPHASIS UPON ^^DDLE RANGE OF THE MANPOWER SPECTRUM ^ 

By: Dr. Quay D. Ives 

* 

, , INTRODUCTION 

The research reported in' this section of the study is designed 
to provide a body of information on technjcal-scientific shop and lab- 
oratory education in* the field of technological educalffon with en^hasis 

m * 

upon the middle range of the manpower spectrum, Shdp and Taboratjry 

I 

facilities are generally considered to be an indispensable part of all 
technological education, for at some point in time man must translate 
his feelings and thoughts about things Into an action process. This 
baste translation process can generally function more economically In 
a synthesized setting for action, a laboratory, rather than in the real 
v/orld where final proofs must be obtained. t 

Scientists have always recognized that new knowledge Is a pro- 
duct of the laboratory rather than a product of academic search in the 
library. Experimentation and discovery are the essential hallmarks of 
technological education. Technological education is directly related 
to the defense and welfare of this nation. At present there appears to 
be ng organized body of material on this subject: th^s study has been 
attempted in order to gain more knowledge on the utilization 6f these 
facilities as they now exist in our' society. It is hoped that the 
material presented will not. only serve to profile this important area 



of educational endeavor, but more importantly, provide increased aware- 
ness. It is also hoped that this will result in further research in 
this field of endeavor. , 

The twentieth century has witnessed an unprecedented develop- 
ment within the field of technological education. Its growth and 
development ru(i parallel to the^ expansion of knowledge and the many new 
advances in the technical skills. At the same tine technological 
education has served to stimulate and accelerate the further development 
of technology. The resulting condition has led to the need for better 
ways of providing for the transmission of knowledge, understanding, 
judgment, and skill for the ^ture worker at all levels and in all areas 
of endeavor. The problem was stated by HERBERT SCHENCK, JR.^ in the 
following manner: 

Lack time is at the root many problems in modern educa- 
tion, and nowhere is this truer th^ in engineering. Any project . 
that Jeads to equal or better understanding of a topic with an 
attendant decrease in time spent will be a valuable and desirable - 
contribution. (1 ) ■ 

TdVurther support the fact that shops~and laboratories are an 

indispensable part of all technological education,- we will turn to a ^ 

statement by W. H. ROADSTRUM in his text. Excellence in Engineering : 

It is important to keep in mind that reading and study 
alone cannot solve problems. Rather it is the combination of 
thoughtful study with remedial action— trying out the new 
ideas in daily v/ork— that brings results. (2) . 

One of the copmonest ways of solving proWems in engineer- " 
ing practice is by laboratory experiments. — Work in the lab- 
oratory ife usually ari^important part of your early experience, 
and it will continue to-be important to you in one way or 
another as your career develops. 

There are few indifferent engineers in the matter of labor- 
atory work. Most engineers ^re either very fond of working with 
physical equipment or dislike it heartily. The first'"group would 
use the laboratory to solve just about every problem encountered. 
The second is convinced that analytical solutions are the only 
respectable part of engineering problem solving. 



Actually 'neither group is veryVnear to the truth. Laboratory' 
work, like any other engineering prdlpedure, is a means to an end. 
It is only one specific tool to be uked in solving engineering 
problems, like any other tool, it hks its best applications and 
is to be employed with discrimination. You will want to examine • 
this tool, determine its characteristics; learn what its best 
uses and limitations are,, aad see what you can do to keep it • 
snarp and effective. (3) ^ 

In order to accommodate the demand for increased special izati on 

and, at the same time,, cope with the greater breadth of subject matter, 

many engineering institutions have deleted shops and laboratories as- 

a matter of expedience. SCHENCK^ states: 

The extensive laboratory work required of undergraduate stu- ^ 
dents in engineering used to involve at lease a\single weekly 
session in. each of six semesters. During the pa^st decade, labo- 
ratory time has shrunk to half this amount or less. M the*same 
time, more and more students are undertaking graduate work at the 
master's* level or higher, such work requiring in most cases 
considerable original research, the planning of experimental 
programs, data. analysis, and the writing of some type of thesis 
and/or profess ional^oumal papers for iTubli cation. Clearly 
. the two trends ar/^unter-working. An undergraduate who has 
never used an oscilloscope or airflow irotfer is liable to make 
an appalling job of even the simpl«stjt>esis research and, indeed, 
many do. . 

. • Recognizing this", engineering teachers have tried to replace • 
the "* cookbook" jnaterial in what few laboratory hours are left in 
their undergraduate curriculuras-by more or less original project 
work, thereby totally eliminating all use-instri^ctlon "find lectur^ 
based experiments. " , . 

This is a trend difficult to argue with in a fast.' expanding A 
technology. The purpose of laboratory v/ork In the modem day 
should be to.teach people to-experltrent. The actual subject of 
the test is irrelevant, providing only that it Is interesting, 
challenging, and not something that j^an be called from 
"fraternity files" of past years. C) , ^ 

It aopears there are no extensive studies comparing the value 

of a theoretical program based upon a pseudoscienti fic apnro>ch of 

analysis and a similar program reinforced with th«?- traditional shops and 

laboratories that previously gave technological education its. specific . 

character. This fact. is rather "surprisinq in liqht of the fact that 
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these engineering disciplines are heavily research oriented. Their 
programs purport to utilize the scientific iiM;hod. They utilize the 
field of science as ar> area of applied science. Engineering education^ 
purpose is largely to teach thfe student how to utilize the scientific 
^ procedure. 

'•The laboratory is an essential part of the scientific procedure 

as tKe last step calls for testing the hypothesis in a field of action. 

ROSS G. HENNINGER noted the following: 

Survey visitation an4 discussion revealed that there is a 
general confusion about the question of the place of' the "shop" 
facilities and instruction in a truly technical institute pro- 
• gram. In engineering currltulum^ ^of b ygone years, shop 
facilities and shop courses played prominent roles - foundry 
in mechanical engineering and rnoto»* rewinding in electrical 
engineering, for example. Current trends in engineering 
education, however, have ^essentially eliminated all such 
topics, as engineering develops to en4)race the advanced and 
expanding realms of sciencel (5) 

HERBERT A. ESTRIN in his text on Higher Education in Engi- 
neering Scignce , states that research and authorship certainly add to 
the prestige and recognition of an instjitution. He further states that 
jf there is no doubt ^^out -the- fact that we need to turn out more theoret- 
ical engineers than we have in the past, as tffis has been a historic \ 
trend since the first college of engineerinq was founded. He th<!n 
tersely writes tho follcwing: - . 

v 

\ 

In our ZGtil to accomplish this desirnblp rfsult, ho\^ver, 
there is danq^r that we shall lose si<iht of th^ real- dif^^rence 
between a theor-^tically trained nnnine^r and a srinnti'-.t. \ It 
would be rost unfortunate, in my .opinion, ii the Cnllorjes Of 
Engineering sudr'pnly were to devote th»ir attention to Q^adOatinq 
pseudo-scientists rather than engineers. (6) 

Sere havp ..juiiti fi2d this trend upon tho b^Gis that/ th^ comti^- 

t(?ncios or tn^ p/vi!.r'f>r. no lonqor fMll for p/ i-}rti ". in tjir* 3hop or \ 

laboratory hoC'i»r..' W' is now a fnpn;b?r of j t.-'ui .-.n.] th-^sr? ictivitipi 
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are better handled by a technologist or a technician. Others state that 

'the discontinuance of shops and laboratories is now accelerated by the 

, fact that the new generation of engineers have developed little "regard 

for work in these areas as their educational experience has been 

directed to the analytical a.spects of engineering. Some clain>'that tfie 

accreditation process has been influenced unduly by those of greater 

educational attainment and thus engineering has been heavily skewed 

toward the science end of the technological spectrum. IJhat has failed 

to emerge from the present scene is^ an in depth analysis of specific 

competencies unique to^each of the various areas of technical endeavor 

and methods which best develop these ccsripetencies. 

The complexities associated with this study were IndicatfeU^in 

the Final Report of Engineering Technology Education Study made by the 

American Society for Engineering Education in January, 1972. 

No adequate data v/ere found that would permit. meaningful com- 
parison? of laboratory equipment and facilities between various 
kinds of technology programs or between technology and engineer- 
ing or physical sciences programs. Square feet .of laboratoiy 
space, value of equipment, .and. otHer data usually submitted as 
a. part of the evaluation for accreditation vary so widely from 
Institution to institution — efven for similar programs — as 
' to be essentially useless for d^erentlation. 

A qualitative evaluatio^f the technology laboratories 
'visited indicate in gener^ they were oriented more towards pro- 
duction or testing thaiycowards research or experimentation. 
Because of the perce^^ired need to develop technical skills, there 
frequently were ejrfCnsive production or shop laboratories and 
- . l ar ge dr afting n^Rms. With commercially jnanufafctured laboratory 
"eqiii pWS^rt^jecojB^ng increasingly available, there appears to be 
a small ti^J^tf^oward ny)re standard experimental or demonstration 
laboratories in technology programs. (7) 

In any discussion which focuses upon education we all instantly 
become experts. The reason for this phenomena is that each of us has 
acquired sons knov/ledrj3 ^ education by virtue of having experienced the 
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educational-'process In a'Variety of different situations. 'Few of us 
have built an understanding based upon the knowledge we have gained. 

# 

In general, we do not search out' the historical roots, the educational 
philosophy, the psychological n^thods, 01? the sociological processes 
that support our present forms of education which provide the basis for 
trends taking place. Most of us see onl^small isolated pieces of 
rather large complex picture. 

Some educators have experienced teaching on a broad basis Hn 
that they have been involved with the educational process on a number 
f different grade levels Others have become highly specialized 
within a particular area of interest. It is only natural that both of 
thifse specialists see the many different Interfaces to their discipline. 

\ . • • 

The, problem arises when each educator desires to bring these many and 
varied interfaces withifi his part1c.ular discipline. What is sorely 
needed is a plan of action to separate the various disciplines based 
upon the essential function they perform'. 

Obviously the elenients of the probTem are extensive, thp param- 
eters are diverse and varied, the constraints are limitless, and the 
assumptions are valid only when seen in reference to a specific setting. 
The reader must not expect to find specific detailed information, but < 
rather a ^elineatilSn of ideas and concepts relating to the problem. 
The value of. the research appears to be directly proportional to the 
breadth of view or scope of the undertaking for there exists a larg^ 
and comprehensive body of rel a'tionshlps. i 

To make a critical appraisal of the problem calls for a 
determined list of questions to which answers ari*^ought. The- general • 
analytical questions asked are as follows: 
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1, What early developments qavetshape to modem day 
techno! ogi<ial shops and laboratories? ^ 

* 

2. Vfhat is the spectrum of shop and laboratory utilization 
in technological education? 

. 3. What -are the interfaces between these? different 'forms 
of technological education? 

4. What conmonalities exist between these different forms ^ 
.of technological education? 

5. What does the current status of Engineering •^^chnology 
appear to be? 

6. What significant trends are imder way? 

7. .What needs does Engineering Technology appear to meet? 

8. What majdr constraints or limitations appear to focus 
upon shop and laboratory program requirements in 

• Engineering Technology? - / 

" ■ ♦ * 

9. Educationally speaking, what are some of the possible 
courses of action open to Engineering T^dinpjogy?^ 

♦10. ' What is the educational! process that-shapes the develop- ^ ^ 

ment of shops and laboratories iQ technological education? 

IT. What constitutes a meaningful shop or laboratory experience 
•in Technological Education? 

r . - 

12. What arfe some; of the various roles the student plays in ' ^ 
labgratory^Wrk? ' ' » 



■ 13. What roles are typical for the instructor of technological 
laboratories? 

m 

14. How does m Engineering i'echnology laboratory differ from 
other forms of technological laboratories? 

15.. What other -forms of ejcperience are substituted for 

. laboratory instruction? 
/ • • ' 

16. What options exist for maximum laboratory utilization? 

17. How may laboratory experiences be compared and evalilated? 

18. What controls appear to be necessary to guide the devel- 
onn^ent of Engineering Technology laboratories? 

/ 19, What effect does employment opportunity have v/lth respect 

to shop dii^ laboratory experience in Ennlneering Technology? 



20. How can the analysis and determination made in this 

study serve Engineering Technology? • . 

All of these questions are interrelated and offer an important 

I « 

point of perspective 'In utilizing educational shops and laboratories in 
the field of Technological education. In general they are supportive 
to providing a measure of reality within the school system. Whether^ 
they* are in a school or industrial setting* they definitely fall within 



the context of scientific problem solving. 

TFmfSbS OF DEVELOPMENT ' . . ■ 

Socrates was once constitutes the ideal^educa- 

tional situ^ifion. He repliea*that the best situation was to educate 
youth' by providing opportunities for experience within the society in 
which the student would live. Today this- is not possible; consequently, 
society has turned toward similar educational situations within formal 

4 

education. This process can be costly and it never can completely . 
achieve the exact reference of real industrial exj/eHence, 

« 

In the prehistoric beginnings of the race, man learned by exper- 
ir.entation and Its concomitant experience. Learning was then a resul- 



tant product of expeHence. Han learned that by repeating an act in orf' 
under a specific sot order of conditions that he could influence the 
outcome of everits. Technology, the act of achieving a, practical 

nurnoso, i:».tTS old as fan hiinself. lihat has ch'aijged in the last period 

- J 

of time is that nan has g^jined so much know-ledge about the law3 and 
principles of the Universe that he can new a^iape events .through the 
l**tiefits of art and science, without follo'-ving his earlier established 
routine or no/inq ^rom dii event to an artful way of acccmplishing 



s6mething to eventfually discover the fundameptal princi|>4es of science. 

How strange it is that modern educational processes can be i 
viewed in oppQsi^i.on tg tl^^ormal processes, of learning. ' The normal 
process is to' cxfierience,- and throiijgh th,is experience' we learn. Today * 
•our educational .processes are des.igned to teath ^specific item of. 
subject matter and then this learning is ^enhanced with accompanying 
and specifically designed experiences. It is important to no^ that 
shop and laboratory work is. dynamic in that there is a constant inter- 
change at work between both basic approaches to learning. 

ROBERT PERRUCCI and JOEL E. GERSTL in their bftok. The Engineers 
and the SociaV System , describe the slow formation of a profession of • 
engineering.^ ^ * . 

The economic? of ancient civilizations did not require 
the organized development and application of technology for which 
an enginearing profession was necessary. The prevailing tech- 
nology was a p"rpdudt of trial and error.Jntuition, artistry, 
and^the gross synthesis of experience unsupported by science. , (8) 

There are many threads that have brought the vforld.to the 
present revolutionary advance in science and technology. The craftsman 
lias persisted through all ages up to the present; howev^, his signifi- 
cance came to a focal point during the fiddle a^^s. In time, appren- 
ticeship systems developed as a natural outgrowth of the master- 
craftsircn attempting ^ol^tend their operations through apprentices. 
During the sixteenth and seventeenth centuries the scientific effort of 
the earlier Societies of Science created a new basis for technology. 
During the eighteenth and nineteenth centuries the "Factory System" 
created a need for workers In a variety of different fields. At this 
time there was a great daal of overlapping in the various fields of 
scientific endeavor. 



. * The first true' engineering school was established at the United 
States Military Acadeny at.WeSt Point in 1802. This was followed by 
other institutions interested in Science and Engineering. Some of 
these institutions are as follows: Rensslaer Polytechnic in 1824, 
Franklin Institute in'' 1824,*M.I,T. in 1865, Kampton Normal in' 1868, 
tuskeger institute in 1881, Carnfegie Institute 1n 1905, Cal Tech in 
1905, and Cal Poly in 1903. ' ^ 

• Concurrent with the development of early engineering institu- 
tions was tNe development of t^e Mechanics Institutes during the years 
1824^1855. This was a natural consequence of the development of steam 
power in the 1700*s. Later, as electrical power came Into its own In 
the early 1900' s, whole new Industries were developed. Thei^anual 
Training Movement began In 1825. l The Civil' War brought about a rpnewal 
of interest in technical education. In 1862 the Morrill Act was passed 
by Congress. This bill established the system of land" grant colleges 
in the United States. These schools were designed to advance^e edu- 
cation of the farmer and the mechanic. Late^ they became the basis for 
our present system of engineering schools. During the years 1868 to 
1912 the Trade School Movement flourished. 

^ In 1875 the European Exhibit at the Philadelphia Centennial 

Exposition injectec/naw vigor in a variety of experimental shop programs 
Airing the 1880's. Manual Training Programs were established but later 
gave way to the Vocational Education Movement which got under way in 
1905. A program of industrial arts was developed at Berkeley and 
Los Angeles in the Junior High Schools. By 1929 .Industrial ArtrVsP^an 
established college proyram at San Jose, California. All of these 
progr^s and moverr.enta flourished and assisted Anierica in providing 



tedinjcal workers for a, variety of employment levels. An .overview of 
this historic background appears to support a trend for ever greater ' 
'Specialization. ' • * ' , ' - 

The^Industrial Arts Program^ were nationally accepted by the 
1930's^ Fresno offered a BrS. in Industrial Technology- as early as • 
1948. By 1957 the Junior Colleges entarked upon a.progratn of Tgphni- 
cal Educffttion and Applied Science. /In\19^,^h4,^^^onVV;«ucation 
Act reaffirmed a strong^iosition for various irrogr^nis of technical 
education:' In the last five or six years a few new programs of " . 
engineering technology were developed in our Engineering Institutions. 
All of these various programs have some, thiitgs in conmon, the most^ 
significant being their use of the scientlKc nethpd of controlled 
xperi mentation and the utiVTzation of the current industrial scene 
as a base for the educational process. 

Industry and the Federal Government utilize the concept known 
as the division of labor. This program is ciifrently visible Iff the ^ 
^D.O.Trf,. Dictionary of Occupational Titles, and eafch_specif1c occupation 
is delineated in terms of ^ts requirements. This document serve^ as a- 
guide, but Industry continues to establish a wide range of positions 
in keeping with its specific needs. The results of these many programs 
of education, methods of classification, and actual practijces add up to 
a 'need for a composite approach or system. It is the writer's belief 
that such a system can be deyelopefi if programs, descriptions, and 
applications c^n be resolved upon the essential characteristics In 
each classification.* l.'hile this study can account for only a small 
part of a total study that needs to be dono, it nay provide for the 
dsyslopment of m\i interest and a point of tfjparture for additional 



ERIC 



^tutjies^ The usability of tKjs. study will depend upon how it fits the 
developments of the past and,* aga.irt; tijbon'-hbw it fits reality and the- 
foreseeaWe-yfuture. It is hoped that this study will el i eft a similar 
or empatKic point of view for those who read^this document. 

Wien the word Technology is used in this pape^* it Is meant to 
include all phases of basic ahd applied science. - It is be^t^defined as 
a ttechnical method of achieving a practical purpose by the use-of Art 
and Science. It is important to point out that Art, Technology, and 
Science are constructs or products which man uses to cope with the com- 
plexities of life. They do not exist In reality. On a similar basis 
the words 11t$e operator, technician, technologist, engineer, and 
scientist are als^o consti*ucts. V^ille we may have a general feeling for 
the exactitude of these words they generally are hot specific becaule 
the frame of reference held by all others 1% diverse and varied. 

The words shop arid labdra^ory are also symbols or constructs 
covering a wide ar)d diverse array of facilities. The writer's defi- 
nition of a shop is a peHod of tiire or a place equipped with tools and 
industrial machines designed for the purpose of processing materials. ^ 
A school shop has the same connotation as shop except that it exists for 
^the basiC; purpose of helping sfudents understand the ramlficatidns of 
Art, Technology, and Science as utilized by our ^chnologicaj^^lety. 
The word- laboratory is defirted by the writer as a period of time or a- 
place equipped to. provide opportunltiei^or experimentation, obser- 
vation, testing, analysis, or practice within a specific field of study. 

« 

Again, the school laboratory has the sanw connotation as laboratory 
except that It exists for the basic purpose of helpinc^ the student 
understand the rani fi cat ions of Art, Technology, nnd Science as utilized 
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by our technological society, l^ile this study utilizes both the terms 
shop and laboratory, th^re is very Tittle difference. The same fihysical 
facility might be classified as a* shop or $s a 'laboratory based upon its 
^pecif,ic function. ^ 4 

There is also further recognition that these definitions are 
dealing with constructs tliat'can more properly be classifiisd as an amplifi- 
cation of normal thought and action processes. Art Is that aspect of 
thought and action which deals with the human equation. In short, it is 
relating the "me in here" (desires of man) to the "it out there" (reality or 
nature)^ Science relates to the "it out there." Reality for man is both 
naturejand self and the resulting relationship. Once these relationships 
liave been grasped it is possible to understand the significance of Technol- 
ogy, Technology can be identified as the process of utilization by which we 
utilize the "it out there" for the "me in here." Technol-ogy is the method 
or procedure whereby man achieves a practical purpose for man. It is a 
sequential, ordering of tasks. ♦ 

This study then cdnsists of a myriad of relationsffips that are not 
simple, single, or isolated. To summarize or to subsuire the facts into a 
construct requires that essential characteristics of the data be used. Sub- 
sumation appears to be most discernible when organized around the concepts 
of structure, function, and method. Structure implies that concern will be 
.made for the field of operations; function implies point of focus or pur- 
pose; and method refers to accepted practices. 

We must examine the sfructure of this problem in reference to 
technical-scientific education within our industrial society. The 
function to be performed i^ to make a critical appraisal of facilities 
utilized in technological education. This means thatGhe basic action 
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will not only be based upon the environmental structure, but also upon 
what the individual perceives things to be and upon the task to be done. 
The ultimate task is conceived to be the development of a cohstruct that 
will provide for a systte approach so that effort may be optimalli' 
organized. Method'is essentially analysis tendered with thoughts, 
feelings, and action about space, time, self, land the forces at work in 
the universe (truth). It is involved with Prjbcess, Procedure, and Design. 

It is hoped that the reader will be generous enough to evaluate 
this stu4y based upon the author's use of generalization conceived irt 
terms of the unique characteristics of each jclassifi cation. In some 
cases the use of terminology^ may not suit tne readefi^«d he may find 
that the writer has hissed the poijit by Virtue of the reader's own spe-! 
cialized fratne of . reference. The author has tried to objectively view 
the problem from a total point pf view withiut bias. 



TYPES OF PROGF 

American public education embraces b nuni)er of different 
technical-sciishce programs. This is furthef complicated by the parti- 
cular structure of grades within* the commun^ity. Some systems include 
grades seven and eight as a part of the elementary System. In recent 
years many schools have accepted grades sev€^, eight, and nine as the 
basis of i^>^nior high program. Grades nine through twelve or ten 
th rough ^twelve are seen as the high school grades. Upon completion Of 
high scIk)01 the student has a variety of progji-ams available for his fur- 
ther development. I 

i 

Grades one through six are generally conceived of as an inte- 
grated program of instruction. Industrial Art \nay he offered as an 

^8 
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experience with tools or as an expertence building objects for a learning 
unit. .Grades seven and eight or seven, eight, and nine introduce special- 
ized courses of instruction aimed at exploration of occupations. Exp lor- 
atory Indus^ial Arts usually acquaints the student with a laboratory of 
industry concept. The student may rotate through a series of unitized 
laboratories centered upon major mat:erials or. concepts, i.e., wdods, 
metals, electricity^ photography, crafts and graphics. The objective 
being to provide real life experiences with regard to materials, pro- 
cesses, operations, industrial organization and occupations! The 
Industrial Arts Program in high school may continue through all four 
years. At this level the educational experience Is pre-vocatlonal. The 
program continues in the junior college or four year Institution as 
Teacher Preparation or if Industrial Technology is taken it almsTat 

employment, % 

Vocational Education usually starts in grades ten to twelve. Its 
aim Is gainful employment. The trades and industry program Is pre- 
employment training in trades or technical occupations. The vocational 
program in the junior college aims at pre-empl9yment, upgrading, and 
retraining. Students receiving training beyond the ji^ior college level 
traditionally ta^e a program of Industrial Education* Industrial Educatio 
in this sense, being a combination of Industrial Afts and Vocational 
Education. Vocational Education in the junior college may also take the 
form of an apprenticeship. In recent years junior colleges have offered 
technical education as a form of vocational education leading to employ- 
ment as a technician, 

En<)i peering Technology may begin with technical education in the 

junior college, but must be conipletsd with two years of ^dditional work 

t 

4 

/.9 
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In a four year institution for qualificatiop as a technologist. 

junior collies set up special programs referred to as pre-engineering.' 

These programs aim at the first .two years of engineering education but * 

they may al*o contain some technical education courses such as .graphics 

• » 

and machine shop.. This education may be described as pre-professJonal. 

Please note that the followi^1g diagram indicates 'ftsic'typis of 
technical education within the public school system. Options become' 
greater upon completion of four years of high school. Stu(tents can ' 
however participate in some post-high school Vocational prograns td^thodt 
having4%ceived a high school diploma. 

The following construct wili provide an overview of the 
functions these different prograrfs Serve at the various grade levels. 



.1 



^0 



17- 



(■:■ 



Grade 

1 A 

2 

, 3 
4 
5 
6 

'7 

8 

9 
TO 

n 

12 
13 
14 
15 
16 
17 

18 

19 

20 



TECHNICAl-klENTIFIC EDUCATION IN PUBLIC SefltJOLS 
Kindergarten « Socialization 
AElementary School = Inte<^rated programs of Ind.Arts as General Ed. 




Junior High School = Exploratory lid J%-ts as General Ed. 

Exploratory Science and Math 

Senior High School = Pre-Vocational : 
Industrial Arts as General td. 

-v, ■ • y 

.Senior High Vocational Trades & Industries 
A J A part of Career Education (Pre-Employment) 



» Lt)wer Division 



Upper Division 



^ Masters ^ 



Doctorate 



Post Doctorate 



Graduate Ed, — - 

1. Industrial Ed. 

2. Engineering 

3. Science 




I 



2+2 



Profeifcs tonal 

1. Ind. Tech. 

2. Engr. Tech* 

3. Engineering 

4. Science 

5. Ind. Art Teaching 
5. B.V.E. 

Pre- Professional 

1. Industrial Technol ogy 

2. Engineering Technology 

3. Pre-Englneering 



Technical Education 

1, Pre-Employment 

2, Retraining 

3, Upgrading 



llote: 



Apprenticeship Ed . 

^grants in Science and' Math are availabte^in all grades beyop^i 
twelve as specialized areas of endeavor. 
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CONSTRUCTS DEVELOPED 
At present there* are five major types of technical-scientific 

f 

classifications within the spectrian of employment. They are ai follows: 

* ♦ ■ - - 

Technical Scientific Employinent 

' 1. Operator 

2. Technician 

3. Technologist 

4. Engineer 

5. Scientist . 

If these five types can be clearly identified there must be at 
least five types of shops or laboratories to serve the basic functions 
of each group of employment. These specific types of shops or labora- 
tories should be optimized in terms of the educational .fuifctlon to be 
accomplished. The type of shop of laboratory to be identified with 
these groups of technical -scientific activities appear to be as follows: 

Technical Scientific Employment Type of Shop or Laroratory 

.1. Operator 1- Vocational \ 

2. Technician 2. Technical (Voc. - Tech.) 

3. Technologist 3. Industrial 

' 4. Engineer 4. Experiirental 

5. Scientist 5, Science 

Obviously these types of shops and laboratories possess many - 
similar characteristics in that they are Interrelated and In varying 
degrees utilize materials, tools, equipment, processes, operations, 
tasks and techniques common to the industrial establishment. The 
scientist on the one end of the spectrin uses all these things for the 
singular purpose of constructing specialized scientific apparatus. The 
ope'Jator on the other enti of the spectrum is concerned with the same 
things, but^from the concept of skill development in operation of equip- 
ment to produce parts. Between the two ends of skills and theoretical 
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concerns we find a variety of functions that serve basic educational 
purposes In ^ach classification. These .may be as follows: 
Types of Shop or Laboratories Functloris of Shop or Lab 

♦ 

Education for production oT 
parts and subsequent assembly. 

Education fdr specialized techni- 
cal' expertise^ concerning 
production operations. 

Education In manufacturing 
research, process, and systems of 
human Interface to machines. 

Education in applications of 
science to translate prInHples 
Into usable forms «fof* man. 

Education in exfil oration of 
phenomena to discover scientific^ 
principles 

The functions of shop and laboratory use span the functional 
outcoiAes of education, i.e., kpowledge, understanding, judgment and 
skill. The method by which these various types of shops and labora- 
tories achieve their ends relates to the creative, technical and 
logical ways man resolves problems. In the case of shops and labora- 
tories it also relates to the type of equipment and thi^ftaslc concepts 
of organization. . ' 

The most useful methods for education have stemmed from the 
field of psychology for they are based upon the study of the 
mind under various conditions. Educational Psychology suggests 
the following considerations: * 

1. Perceived Purpose — establishes learning set 
through relationships (past and present) to sug- 
gest a setting of application and experimentation, 
in concrete undertakings. 

2. Indi vidual 1 zed Pi f fercffiti ati on — based on Individualization 
(Hatur1tyi.evel ) as learning is an intimate affair 
Involving' the whole personality as a continuous 

process. 



i: Wbcational ' *1. 



^ \ 2. Technical 



3. . Industrial 



4.^ Experimental 



5. Science 
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3. Graduated 'Sequence — based upon psychological 
concepts 

a. Known to unknown • • . 

b. Simple to- complexj 

c. Concrete to abstract ' _ * , \ . 

4, , Active Response — based on use of. material under 
like c1rcuinstance<: (actual 1 i fe cqmcmfns ) coritent; . 
to have re^l truth elements relating to intereStr\ 
and problems. ^ , - . > . 

5, A ppropriate Practice — based pn concept of buiJding 
(firsthand experience >• Reality consists of dealing 
with symbols, abstractions, as well -as environment. 

6. Knowledge of Results -.- based on principle that * 
learning must be used (Law o| use and disuse). 
Inv4»4^«s skill, habits, attitudes, knowledge .and 
other acquired conduct. (9) 



Steps one, two and three are basic to all forms of education. 
Steps four, five and six emphasize the need for shop and laboratory 

work In the educational process. 

t 

To further develop material for a construct, analysis will be 
drawn with reference to Essential Methods of Problem Solving, Types 
of Equipment, and Baslfc Organizational Concepts. 



Types of Shops and Laboratories 

1. Operator 

2. Technician • 

3. Technologist 

4. Engineer 

5. Scientist 



Essential Methods of Problem Solving 
Normal Basic Actions 
Orderly Procedures 
Observations and Tests 
Theoretical Computations 
Conceptual Delineation 
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Types of Shops and Laboratories Types of Equipment 
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Examples 



1.. Operator* 



Multiple units of-i variety 
of s'ijnpTe TnHus trial egu^or 
mept. ' ^ f 



AAA 



6BB 



2. Technician 



Groups af types of 
Industrial equip- 
ment by function 



3. Technologist 



4, Engineer 



5. Scientist 



Instruniented manufacturing 
testing devices complete 
industrial processes * 



A^B"»"C| 



, Only enough illstrumented 
equipment to test tor 
concept of utilizati on 

Construction and mani- 
pulation "of special 
scientific apparatus 



+ 

Values 



Item of 
Concern 



Types of STfops and Laboratories 

1 . Operatdf 

2. ' Technician 

3. Technologist 

4. Engineer 
Sl Sci^tist 



Basic Organizational Concepts 

simplified OpefsPBions 
Uni ti zed' Expertise 

■ 

Systematized Processes 
•Instrumented Tests 
Devised Experiments 



From the, foregoing sunsnarizations it is noiv possible to sub, 
sume .the above. facts into a construct. In totality the facts take on 
greater importance. As in Gestalt psychology, the sum is equal to more, 
than the sum of its parts. A few additional words have been added to 
the follov/ing construct to stress the material presented. 
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CCriSTi^UCT OF TECfCIICALrfCinTIFIC PROGRAM OF IflSTRUCTION 
AfiD RLLAT-IOf;S[IIPS-TO INDUSTRIAL CONCERNS 



AREA CF 


TYPE OF 


FUNCTION 


BASIC 


ESSEflTIAt 


TYKS 




TECHillDM- 


SHOI^ 


OF 


\ORGANIZATIONAL 


■ METHODS 


o\ . 


EXA.MPLE 


SCIEIiTIFlG 


OR 


SHOP OR LAB 


\ eOUCEPT 


PROB. SOLV. 


EQUIPifNT ' 




EMPLOYiliiT 


LAB 








/" 





1. C'PLHATO. 
(PY.'lj/tion) 




^, TtiCH'i ICI AN 
(Operdticns ) 



TECH 
LAB 



Education fcr Production 
of Parts and Subsequent 
Assembly 



Si nip 1 iff ed 
Operations 



Education for Specialized 
Technical Expertise Con- 
cerning Production Opera- 
tions 



Unitized 
Expertise 



flonnal 

Basic 

Actions 



Orderly 
Procedures 



Multiple uni ts of a 
Variety of Simple 
Industrial Equipment 



Groups of t ypes of 
Industrial Equipment 
by Function 



A A A 
C r B 

c c c 







A3 

'^6 







3. Ti;C;::iOL0CIST 
{f)f,'vcl:jir.':nt} 



4. L.'IGiniLR 
(Design) 



5. scu;:;tist 

(Research) 



IflD- 
LAB 



EXP 
LAB 



SCI 
LAB 



Education in Manufactur- 
inn Research, Processes 
aod Sys terns. of Human 
Interface to Machines 



Education iji Applications 
of Science to Translate 
Principles into Usable 
Forms for Man 



Education in txploration 
of Phenomena • to Oiscovcr 
Scientific Principles 



Systematized 
Process 



Instrumented 
Tests^ 



Devised 
Experiments 



Observation 
and Tests 



Jheorotical 
Computations 



Conceptual 
Delineation 



Instrumented Mfq. Test' 
Devices A Complete 
Industrial Processes 



Only Enough Itemized 
Equipnent to Test for 
Concept of/Utilization 



m 



Construction and 
Manipulation of Specia.l 
Scientific Apparatus 



A->B-«»C 



Values 



Item of 
Concern 
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flow that we have identified the various types of technical- 
scientific endeavor with their specific characteristics, it is important 
to note tliat in reality they do not exist with clearly defined limits. 
The following construct shov/s the present^overlapping between technical- 
scientific areas of employment and th^ basic operations and responsi- 
bilities involved. 



/ 
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CONSTRUCT OF TCCHfilCAL-SCIENTIFIC EflPLOYMCNT mo OVERLAPPING 
CPtRATIOHS m JOINT RESPONSIBILITIES ^ 



Area of » * Basic 

Technical-Scientific Operations 
Employment and Overlap 



Non-Skilled 
Operations 



Operator 



Technician 



Technologist 



Engi 



Scientist 



Semi -Ski lied 
Operations 

Skilled 
Operations 



Technical 
Operations 



ProckJctio;! 
Operations 



Operational 
Research . 

Process E 
Engineering 



Basic 



Responsibility 




LABOR - Perfornance of Essentiel 
Tasks Requiring Some 
Physical Effort 



TECHNIQUES - Optimum Ways of 
Treating Jtetails 

HETHCD - Ijfey of Doing Someth-thf 




O CONTROL - Basic Tool & Concepts Used. 
■ Processes. — Q.C., Cost Accojuntlng. 

. PERT. Etc. 



O SYSTEM - Seqwence 



Manufacturing \ 
Research | 

>— • Ej(ECirno:j - Planning Activities 
1 ■ ^ to Carry Out Enoi nee ring 



Enqinfeering 
DevelopfHRnt j 

Design — 



Engineering 
Rf'search 



Applied 
Research 




Design 



© PEVELOPr.L'MT - Anplication of Science 

to Useful Ends 



CR[ATIO;i - Discovery & Irnplen-r-ntdtion 



O TMlORFTirAL COiirrPTS 

J . 



floto: Tlie abovn items are involved in ^ 
odth area of n.iployment t»ut cMicf 
ef fort shovis joint responi;ibi1i ty. 
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The Scientific Method can be broken into the follov/ing seven-step 
system: 

I 

1. Identify the problem 

2. Define the problem 

3. Formulate the hypothesis 

4. Collect and Organize data 
t/ ' 5^ Verify the hypothesis^ 

6'. Formulate conclusions 

7. Test hypothesis in the fieTd 




^ -* While the above- steps are used in any^one of the areas of 

technical-scientific employn^nt, it Is interesting to speculate upon 

, these steps, becoming specialized- functions within industry. The 

following construct indicates tha^t industrial society has not seen* the ^ 

» 

. * end»of specialization and ^he adjustments of accompanying functions. 

« • 

One could speculate that there will be a further refinement in 
specialization. Please note details on next construct. 



I* 




no 



ERIC 



POS^ir.Lt niTURL SI'ECIALIZATIOri AUO AQPUSTfCHT OF ACCWANYING FUNCTIONS 



Steps - Scientific Process 



Basic Functions 



Ifossible Areas of Employment 



1. IDENTIFY THE PROBLEM 
(Speculative Use of 
Scientific Facts) 



BASIC AIJD APPLIED RESEARCH 
(Visualize Limits) 



SCIENTIST 



Science 
Lab 



2. DEFINE THE PROBLEM 
(Product Design) - 



3. FORMULATE HYPOTHESIS 
(Process Refinements) 
(Economics) 



4. COLLECT & ORGANIZE DATA 
(Plan of Work) 
(Cownuni cations). 



7. 
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D. VERIFY HYPOTHESIS - 
(Sequence of Tasks) 



G. FORMULATE CONCLUSIONS 
(Critical Path) 



TEST HYPOTHESIS 

IN, THE FIELD 

(Optimum Performance) . 



ENGINEERING RESEARCH • 
AND DEVELOPMENT 
(Specific Conditions) 



MANUFACTURING RESEARCH 
(Work Conditions) 



O OPERATIONS RESEARCH 



(Assignment of Manpower) 



m PRODUCTION OPERATIONS 



(Dijties I Responsibilities) 



TECHNICAL OPERATIONS 

(Production RelationshipsJ 



SKILLED OPERATIONS 
(Repetitive Acts) 



-p- • ENGINEER 



MANUFACTURING 
ENGINEER 



OPERATIONAL 
TECHNOLOGIST. 



PRODUCTION 
TECHNICIAN 



TECHNICIAN 



OPER/^OR 



Engr, or 
Exoeri mental 
Lab 



Mfg. Engrg* 
Research - 
Systems Lab 



Operations or 
Hethotfe Lab 



Production 
Lab 



Technical 
Lab 



Vocational 
Lab 
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Before leaving the topic of types of shops and laboratories 
the writer v/ould like to point out that several other types exist 
in the industrial scene, t^any companies have engineering shops and 
laboratories aimed at Engineering Development. Some have prototype 
or model shops vjrhich prevent production line^ fronv being Inter- 
rupted. In a4dition. some compani6s have manufacturing ervdineering 
shops and laboratories designed for the testing and improvement 

» 

of manufacturing processes. If, the manufacturing plant processes 
its products on a functional basis in >ieu of a production line 
there nay be unit sfiops such as: machining, stamping, casting, 
foundry, forging, welding, plastics, finishing, assembly, packaging, 
'inspection and maintenance. Laboratories »in Industry are used 
to solve problems and>^o procKice hardware. Educational shops 
serve the additional purpose of education. If educational courses 
and their activities aim at creating a research orientation then 
shops and. laboratories must be used to resolve research. 



« 
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HYPOTHETICAL QUESTIONS, ANSWERED 

Q 1. l^at early developments gave shape to modern day techno- 
logical shops and laboratories? 

A 1. Mer/day technological shops and laboratories are 
largely based upon the successes^ men. Progress is largely based 
' upon empiricisfi] and utilizes ma«er and power to create for man the 
possibilities of civilizatiorV^ JOHN R. WHINNEY directs our attention 
to an inescapable fact in his book. The World of Engineering : "The 
story of civilization is, in a sense, the story of engineering — 
that long arduous struggle to make the forces of nature work for' man's 
good." ,(10) . ^ • 

t 

Man's ability to meet change by creative and innovative pro- 
ducts and services shapes the field of action and research in the shops 
and laboratories of our schools and industries,. 

J 

change is not only rudimentary, it is disorderly." (11) 

Disorder for man lies in his inability to place total cajise 
and effect in focus a| a point in time. The totality of^tfnn^ evades 
the process of discernment and progress is based upon finite pieces of 
truth couched in specific contexts. In reality man >ivcs in an orderly 
universe. It becomes orderly as he develops theories which coincide 
with the develdpment of applied science. 

The events of the past are too prodigious to repeat in this 
paper. All thai can "be said is that today's shops and laboratories 
have been shaped by the historic nast and as dynamic tools of man they 

'. > 



DAHIEL y. JleSITONE in his treatise. Education for Innovation , 
states. "Moreover, existing knowledge about the world of technologlca 
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will undergo many changes in the future, many of which are beyond our 
wildest imagination. 

'0 2. IVhat is the spectrum of shop and laboratory utilization 
in technological education? 

A 2. A great deal of confusion exists in the mitids of pepple 
as to what constitutes the spectrum of technological education. On 
one hand the spectri^is as large as the industrial scene, for industry 
is the umbrella fdr' all construction and production of products and 
services. 

Life is education and education is life. The entire experience 
of living is undergirded by observation and experimentation In our 
environment. In specific areas we establish types of facilities as 
delineated in the constructs on pages 22 and 26 In this paper. 

It Ms easy to'jump to the (inclusion that all learning should 
contain some observation and experimentation in the learning process. 

» 

A chief disadvantage of learning in shops and laboratories is that the 
'student does not have time to experience everything. Participation in 
this arelS^of learning has its limitations. However, those things he 
does experience serve as relnforc^^nt for mastery of trial and error 
and cause and effect relationships. Reality is a stem teacher, 

Q 3. What are the interfaces between these different forms 
of technological education? 1 

t 

A 3. For aTl practical purposes there are no Interfaces. 
Extensive amounts of effort halve been utilized in trying to delineate 
the hypothetical interfaces.' This is most apparentMn the receftt 
literature v/ith referen.ee to^ each of the traditional, fields within 
Engineering Technology and Engineering. What exists is an overlap 
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in place of an interface. It has been estimated that there is cur- 

f 

rently an eighty-five percent overlap between these two types of 
dUciplines. Delineation at- present hinges upon the higher mathemat- 
ical abstraction? in Engineering and greater laboratory applications 
in Technology. As technologists secure professional registration, 
P.E., the overlap will become greater. In another plane of thought, 
the use of the computer will continue tQ/ erode the mathematical 
distinction. 



Math 



A serious consequence to this Interface is our national concern 
with economic accountability. Can we justify the Increased expenditure 

, for shops and laboratories to support two separate^ programs that In 
reality have such a common denonimitor? 1^ is the author's belief that 

^two separate programs can be justified if the facilit-^.r. are established 
witlT joint usage of function for both forms of education and the faculty 
. utilize these facilities within the philosophies of eacfi particular 
discipline. To effectively accomplish this goal would call for close 
adherence to the construct provided on page 22 or the development of 
a different construct which delineates the differences. DAVID F. 
LliiOWLS, In his book. Strategies for Survival , provides a plan for 
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non-profit entities such as educational institutions to successfullyj 
'perform their functions by use of Socio-Econ^ic Management. These 
strategies are known in- the world of business and can be translated, 
monitored, and evaluated in non-profit institutions. He states: 

^ • ' . * 

What we desperately need arc w^s and means' of improving 
social earnings (fulfilling human needs) along with traditi^al 
corporate earnings. Part (ff thel solution lies with technology, 
the very phenomenon that has contributed to so many problems. (12) 

In cof^clusion, then, we must \ look to human fulfillment as well 
as economics to justify any program o^ shop and laboratory utilization. 
Some have supported the concept that the problem would be more man- 
ageable if there were a dual track avail ltf)le in our current programs 
of Engineering Education. . ' ^ 

.» ■ . ' ^ 

ENGINEERING EDUCATION 



:::!:::::::1^??>^;!::;:;: g;/^ 



P.E. 



• Hath 

> 

There are, of course, many advantages to sudi a>tructure, 

• « *• 

management of people and material resources being the greatest. How- 
ever, the problem of maintaining identit/'incf^ases. Whatever the 
final 'Structure be(^»nes, it must reduce cost if this nation is to 

compete in world markets. J 
« 

Q 4. What commonalities exist between these different forms 
of technological education? 

A 4. The commonalities between these various forms of 



ERIC 



37 



32. 

technological education are found in the utilization of industrial 
hardware. It is the purposi to which this hardware is directed. The 
hypothetical construct described on page 26 is based upon the several 
steps in the scientific method. Each. area of employment specializes 
in some basic function. The educated man recognizes that there is 
dignity in all labor and that an equality should exist betvi/een these 
different coordinated activities that translate theory Into practice. 
The value has traditionally follovfed cost of preparing oneself for a 
specific occupation. Currently there has been greater development and 
more growth requirements on the operational side of the spectrum. This 
statement does not in^ily that extensWe change has not also been 
required of the Engineer and the Scientist. The construct on f^age 17 
shows that there are a number of areas of professional education 
covered in the upper division. This change Is also easily seen In the 
entry wage^^earned by the graduate with the B. S. Degree. 

'4 

Q 5. What Is the current status of Englneerltig Technology? 

A 5. At present it Is in limbo. Industry has not yet sub- 
scribed fully to the terminology that has been created. Educational 
institutions have a real challenge in gaining acceptability for this 
concept. On the other hand. Industry Is more thc^n willing to hire the 
man who can meet the specific needs of the industry. Industry readily 
creates job titles for their specific needs and in all probability will 
never agree witft the concepts of the educational institution. 

Traditional majors in engineering cast a jaundiced eye upon 
\his new upstart. Technology has filled the gap as Enqineering has 
moved to the scientific end of the Engineering Spectrum. As require- 
ments decrease for the pseudo-scientific engineer, major engineering 

38 



departments will once again enter into engineering activities now 
which are^within the Technology spectrum, 

Q 6. What significant trends are under way? 
I ^ A 6, In the area of shop and laboratory instruction in tech- 
/nlcal education the most significant trend has been, is, and may con- 
, tinue to be, the removal of laboratory instruction for engineers in 
favor of more lecture. It is the author's considered opinion that 
this trend will be cut shor:t^ for Engineering can ill afford to cut 
Itself off from the development of new knowledge. 

Other tren^ds include th^ earning of advanced degrees in all 
fields of endeavor, the need for more expertise in original research, 
need for larger class sizes based upon economic factors, need for . 
replacement of bulky equipment with items designed specifically for 
Instructional use, need for versatility in laboratories devised for 
multiple use, need for students to get a fi>c on research as a process, 
need for more people to experiment, and a^ve all else, a need for 
evaluation of Technology as a total system of learning. 

Q 7. liftiat need does Engineering Technology fulfill? 

A 7, There is, and will contlRue to be, a real need for 
theoretical engineers who will operate close to the science spectrum. 
Hov/ever^ there 15 a greater need^f or qualified people who can accom- 
plish a given piece of work that contributes to a greater whole. 
Specialists are in demand and they do not need to have in hand, the 
more rigorous bacRgroond;Hjf--th€i^ng1jTeer. It is important to note 
that many technologists, in time, gravitate fb the engineering level 
by taking additional work or individual study. There is no final rele- 
gation for the human spirit knows no bounds. Individual motivation 
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appears to be the j^ey to further development. 

, The question that goes Unanswered is, "Are we creating an 

*. * * • 

engineering group of less ability, or are we only optimizing the 

concept of specialization a step further?" It is the author's belief 

that as advanced societies move forward there is always a need for 

more advanced specialization. • 

8. What appears to he the major constraints or limitations 

of shop on Is^orktory requirenents in Engineering Technology? 
♦ 

A gf. The major cphstralTit 4s the provision of more appropri- 

ate instruction in temsVof behavior change when equipment and main- 

\ 2 ' ■ * ' 

tenance costs are. so high. Even the wealthy institutions not faced / 

with the jconstraint of cost and tlm^^must deal with the Instruction of 

technical material on the basis of available" instructional time. 

7 

Available time appears to the njpgor criterion fpr present judgments 
on utilization tf. laljorato^es. 

Another constraint for all , forms of technical education is 
keeping abreast of change. The industrial functions are not always 
clearly seen from the* academic end of the spectrum, the true signi- 
ficance of things depends upon seeing the total relationships of the 
tv/o, 

r 

" It is, of course, impossible for the laboratory form of 
^ *■ 

instruction to keep pace with industrial (tevelo^wient in its many varied 
forms. An' iri depth analysis ne^ds to be n«de to determine how educa- 
tional laboratories should be structured and to determine thp methods 
by whiph th§ educational process can be optimized, so that a guide 
miqht be developed for technical education. Industry also stands in 
need of guidelines for its many research facilities in light of the 
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many different functions perf^ijTned. 

Q 9. What are some possible courses of action open to 
Engineering Technology? 

A 9. To obviate the need for extensive, facilities educa- 
tional Institutions can liiipleftient Internship programs, co-op programs. 
Industrial visits, work study programs, and <9ther on-the-job 
possibilities to supplement the educational institutixyi's facilities. 
Some stress can be taken away from overused facilities by requiring 
laboratory reports and other written exercises. The coR^uter, if 
available, can be used for simulated programs in lieu of laboratory 
experimentation. Pedagogical reports based upon the status of know- 
ledge stored in our libraries can fill certain needs. This last 
approach aids the student in seeing how others have scoped their 
projects. . 

i^uture careers are frequently based upon experimental projects 
undertaken. Host educational courses do not offer ah opportunity for 
analysis and an opportunity to synthesize the pieces into a consistent 
whole in terms of thought and action. There is no other form of 
education that can provide the exact functions performed In laboratory 
e ducation . The need for personal engineering projects is valid and 
should 'not be drawn and quartered by economically conscious adminis- . 
. trators. If constraints are placed upon laboratory utilization, 
coportunities for creativity are limited. 

Institutions can be made effective only i^we devise new 
approaches and establish systems of continuous evaluation. 

Q 10, What is the educational propess that'shapes the 
development of shops and Taboratories in teghnol^lcal eduC'ition? 
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A 10. Research, development, ahd experimentation should 
help shape the educational environment. In the past, industrial 
surveys of need and families of occupational clusters have assisted 
some forms of technological education in the development of appropriate 
facilities. TH^s approach to curriculiBn has a rather weak base in 
light of all the opportunities these forms of education offer. 

Programs should have quality, scope, and depth. Programs 
sjtould supply educated people for the mounting demands ,1n the v/orld 
of work. In doing this, economic and social dislocations should be 

♦ * * 

kept to a minimum. GRANT VEffl^i in Han. Education, and Work makes the *r 
following sta^ment: 

To understand the problem more fully, we imist look behind 
these symptoms and examine the new technology and the nature 
of the changes It has wrought In the relationship between man; 
his education, and his work. (13) 

The Inost obvious means and manner of giving shape tp our shops 
and laboratories Is to determine the behav^r changes we hope to elicit. 
Objectives and curricula ^re then established to provide these changes. 

Q 11. What constitutes a meaningful shop or laboratory 
experience in technological education? ^ 

A 11^ As stated above in answer to question 10, a meaningful 
laboratory experience is based upon Securing a behavior change in the 
student that is appropriate to the objective of the lesson, course, or 
program of studies that would not have been obtained in regular formal, 
class instruction. To be truly of value it must be useful to the stu- 
dent or must prepare him for future occupational tasks. 

Q 12. V/hat are some of the various roles the student plays 
in laboratory work? 
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A 12. The chief role of the student is that of being a 
learner. However, he is also a transmitter of knowledge, in that 



can be viewed in terms of role. Some of the functions are as 
follows: 

1. Research 

2. Develo^HBent 

3. Design 

4. Productfon - Construction 

5. Operation - Maintenance 

6. Sales - Applicatiop 

7. Industrial Systens , 

8. Management 



Q 13. What roles are typical of the instructor of technolog- 
ical laboratories? ' ' 

A 13. First and foremost he should be an educator. He 
should also be a model worthy of emulation in his own area of special- 
ization. The educator .usually follows the role to which he has been 
^exposed in his own educational deve1of»nent. The outcome may be 



of intellectual curiosity and research. The laboratory is a natural 
place to crcdte lifelong behavtor changes for the student. It is 




It is expected that the student will also develop a role 
with regard. to his occupational plans. The functions of enginee**ing 




role is that of improving upon the culture by creating an atmosphere 
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the only place where the student can Team about the value of the 
laboratory as an indispensable tool. ' 

Q 14. Mow does the Engineering Technology laboratory differ 
from other forms of technological laboratories? 

A 14. Engineering Technology Uboratories should be more 
comprehei^ive in terms of facilities as Engineering Technologists are 
responsible for a systematic approach to goal accompli shmient. Engi- 
neering facilities provi<te a measure of reality by which the engineering 
student Is exposed to the developing process of problem solving. The 
engineer. needs laboratory experience capable of giving breadth, forliis 
skills in analysis and synthesis need to be developed within a wide 
range of activities. Trgdltionilly, engineering sc^pols have so^jght 
to provide this experience within the specific areas of specialization. 
I.e., Aero, Civil, Chemical, industrial. Electrical, and Mechanical 
Engineering. 

Engineering laboratories are also' slrfiilar to Technology lab- 
oratories in terms of purpose* F. MORRIS reports the following use of 
Engineering laboratories: 



The laboratory, then, is a place to work, to think, to % 
explore, to experiment, and to exercise ingenuity and 
resourcefulness to make things perform in a desired manner. 
It Is knowledge in action which, in turn, results in more 
knowledge. 

• r 

In engineering education, laboratory experiments are a 
fundamental part of the learning process. The knowledge of 
theory that is gained in lecture is understood better and 
retained longer when it is lised in practical- applications. 
If knowledge is not used, it is often devoid of meaning, is 
vdgue and transitory. Theory and ^factice are so closely 
related that they should be treated as parts of the same 
thing; therefore, if the students are to get the maximum 
benefit from a coursd), lecture and laboratory work should 
be more closely coordinated. (-14) 
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A great deal of difference should exist in the equipment 
provided for engineering education and engineering technology educa- 
tion. Models and synthetic devices can serve the engineer admirably 
as theP emphasis is upon understanding the principles rather than 
upon knowing specific pieces of gear. Engineering Technology demands 
a firsthand acquaintance with the specific types, of equipment that 
the technologist must correlate, into a conceptualized system. He 
also does not need to be intimately concerned v/ith the specifics of 
equipment operation, but rather, he needs to know v/hat can be accom- 
plished on a specific piece of equipment, i.e., ^purpose, limitations, 
quality and quantity of work to be expected under various conditions. 
The technician Is expected to be experienced in setting machines up 
to secure the desired results, i.e., speeds, feeds, s^face finish, 
concentricity, tolerance, etc. Conceptuallyt the operator needs to ' 

J - • 

know the art of making a specific machine perform in an' optimal 
manner. In reality many operators are but an extension of the device 
or machine. Operators rely upon the specialist for much of the / 
information required in achieving optimality. On the opposite end 
of the spectrum, the scientist needs to know only how a certain thing 
can be done to cludge together gear to test his ideas. 

' Before leaving this topic, attention should be directed to 
the faculty that will use the facilities and equipment associated 
with each of these various technological programs. In some cases a 
man can be totally conversant in all aspects of a machine, its use, 
and required physlcaj skills. In general, this Is not the case , 
because of the complexity of the machine industry. It is a lar.je 
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and diversified field that is grov/inq rapidly so that it is ho 
longer possible for one man to be specialized in all aspects. 
Faculty use of laboratory, ^uipment must be based upon objective 
visibility for the specific prograr\ being taught. This- must be 
translated into a specific program which elicits the desired behavior 
change in the student in keeping with the desired objectives. 

Q 15. What other forms of experience can be substituted 
for laboratory instruction? 

A 15. This question is, related to the answer given to 
question 9, page 35. All forms of experience at the actual job site 
provide a form of substitute experience. In addition, the concepts 
used In the presentation of audio-visual material are valid. Models, 
mock-ups, charts, graphs, slides and film can be utilized. 

The more pertinent question/ is how effective are each of these 
various forms as they can be found on a scale of effectiveness? 
Obviously, the specific conditions surrounding the experience deter-^^ 
nine the possibilities,. 

As indicated. Industry represents the real world and if. is 
there that we can find, all the facilities and equipment that provide 
the vehicle for the proposed laboratory work, (!o two companies are 
identical and each is organizedjto serve some specific function. 
While it is true that they employ s^imilar methods, they are not 
necessarily equal in terms of opportunities for learninq. 

Man has taken only the first stop with reference to providinq 
optimal .educational experience. The author doubts that a laboratory " 
exists an/where that could not be imnroved upon if am^^le time and 
money v/ere made available. 
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Q 16, What options exist for maximum laboratory utilizatTon? 

A 16, Maximwn laboratory utilization can be accomplished in 
many different ways. It should not be defined in terms of students 
in the facility during available hours. 

The quality of maximum utilization should be based upon 

• ^ S 

optimal behavior changes. ^ WILLIAM E. WICKENDEN states: 

' . . * 

Four things an engineer must have: a mastery of applied 
science» an instinct for ficonoiny of effort and of cost, the 
power to visualize ideas by imagination, and the power to 
express Ideas clearly in speech, or writing, or drawings to 
^ other men, (15) 

Laboratory experience must assist in 'securing these types of 
^behavior change. Vhe quality of maximian utilization should be based 
upon optimal behavior changes. Such a criterion for judging effec- ♦ 
tiveness would call for a complete restructuring of facilities. At 

I. 

present, laboratory facilities aim at simulation of industry. Though 
tftis will remain as a key element in all technological instruction it 
should be relegated to a position below that of meeting educational 
objettives. Optimal behavior change must be secured. 

Attempting to replicate Industry, in even a modified form is an 
expensive process which can never be adileved because of costs and 
the rapid rate of change which takes place In all spheres of industri- 
al activity. However, if the several various forms of technological 
education* were to utilize the same facilities, tffe cost of labora- 
tories could 'be markedly reduced. This is true only up to the point 
of maximum student use. At this point additional facilities would 
^'^^ed to be secured and greater specialization allowe.d to occur. 

Vfnat is of concern here is the need for a nev-/ conceptual 
process which could structure comprehensive laboratories that meet a 

i7 



variety of needs and serve to elicit specific behavior changes. Such 
a program would be concerned with blocks of learninci experience 
rather than just blocks of tige* Leaminq experiences directed to 
specific ends should be the rule. Today learning Is an accidental 
process which, by necessity, must be structured by the learner. Too 
often educators are satisfied If. they know that some learning experi- 
ence is taking place. The future will demand that we l^now how to 
elicit the exact learning behavior required. Nations rise and fall 
based upon their ability to develop the educational expertise needed 
In an optimum manner, ' ' ' ^ 

Q 17. How may laboratory experiences be evaluated against 
the more traditional rigid criter'la for laboratory ret^ulrements? 

A 17. MARVIN J, CETRON ahd others in the text. Technical 

Resource Management Quantltatlve^Methods point out a vital fact con- 

coming evaluation: 

T'aking this discussion back to Technology, it was stated 
earlier that the assessment of Technology depends on who does 
the assessing, why the assessment was undertaken, and on the 
nature of Technology itsetf. (16) 

Obviously, what is needed is. a criterion that negates Cetron's 
statement. It is the author's opinion that evaluation should be based 
upon predictors whidh Indicate that the behavior change has taken 
place in the student. The student's achieven^nts are frequently 
tested by formal test questions or by giving performance tests. 

The purpose of shops and laboratories in- the field of edu- 
cation is to assist the student ip the development of knowledge, 
understanding, judgment, and skill. It Involves both thought and 
action processes. The general method is best described as the use 
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of the scientific method. 

It is believed that one major task of all research under- 
taken is to direct attention and observation to new findinns 
I'lhich appear to be the present boundaries of completeness. 
New direction begins with the new developntent of intellectual 
speculation based upon intuitive insight. The search is 
not for ideas as they never 'seem to modify practice. The 
real search is instead for new theories or explanations v/hich 
will dictate new operational procedures. The researchar be- 
lieves that the new era of education will focus upon teaching 
people how to think, not ivhat to thiyk. (17) 

How refreshing it would be tb.ii^ve a new criterion of actual 

educational development. How could we evaluate the process? If 

adequate^ inputs or provLisions are made for the leanving process, then 

specific outputs will be produced. These outputs have been described 

in this paper in terms of%behavior change. A general classification 

of types of behavior are as follows: ^ 

The following hierarchi^J^xiCder^or classification explains 
the researcher^s ideas relative To behavior. 

1. Abilities— inherited capacities capable of perfor- 
mance, 

2. Interests— ths phenomena of mind which attracts or 
repels the individual during the process of 
independent Investigation* 

3. Attitudes— indicate the dispositian-^ttie individual 
.has made between his potential energy and his 

contact with specific factors of reality. It is 
indicative of inconclusive evidence being gathered 
or choice without understanding. 



4. Knowledge-rcognition of basic truth by utilization 
of the direct intrusion into the mind of something 
foreign to it, yet related to the sum of ideas who^e 
values have been established and stored in the memory 
of the individual. 

6. ' Appreciation— is the accurate recognition of truth 
that comes through full realization of knov/ledge 
aad-nnderstanding as contrasted with attitudes 
based on inconclusive information. 

6. Habits— are repetitive acts which am tailored to 
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the physical and mental patterns developed through 
adaption to the forces operatinq in the environment. 
It is one basis for action. 

7. Skill— is contfngenl upon the develooment of precise 
thought and/or action 4«1th respect to time, and it Isq 
only fully developed when thought and action processed 
are closely Interrelated, It is also defined as the 
ability to repeat the sarre action the san« v/ay more than 
50 percent of the tirne. (18) 

Obviously an experience for the student may terminate at any 
point upon the scale. In general, he may follo\y the sequential order 
to any particular po1n?fen the scale. It is difficult to conceive of 
anyone learning anything without utilizing his capacity and interest, 
to initiate the process. In a similar vein. It is. difficult to 
conceive of anyone having developed habits and skills without under- 
standing. The point to be^ade is that thougf^i^ and action processes 
are delated. Psychologists have found that action processes tend to 

m 

reinforce knowledge obtained. ^ - 

riEWMAf^ A, HALL, Ed., Britann lea Review of Developments in 

Engineering Education , reaffirms the previous statement made about 

the value of laboratory Instruction: ^ 

' The laboratory provides the essential contact in engi- 
neering design and development with reality. As such, its 
role in the education of the engineer is intrinsic and 
• fundamental. The engineer who presumes to reject the 
experimental test inevitably turns his back on reliability 
and workability. Such an attitude, which could be p'itab- 
11 shed by an inadequate education' can, in the long run, serve 
to discredit ert<|ineer1ng accomplishment. (19) 

J0!^1 D. KtMPtR in his book. The tmgi neer and His Professio n, 

further elaborates upon the advantages of laboratory work. In his 

discussion of the Preliminary Goals Report by the ASLE he states: 

.The report strongly urged laboratory eHi^^ricnces because 
of the "feeling" for the actual physical situation lafepra- 
tories can provide; and because, by permittinq evdludpon of 



50 



45 

the performance of designs, such experiences may lead to 
the discovery of results not anticipated by theory. (20) 

Plainly, any program of evaluation brings to bear the struc- 
ture, function, and methods utilized.* Inputs vs. outputs and the 
achieved outcome of the program are critical factors. Achieved out- 
comes must be equated to exposure time for required behavior change 
and expenditures for facilities, equipment, materials, records, and 
faculty. In addition evaluation shouTd account for total successor 
failure, relevance of curriculum, faculty effectiveness, facility and 
equipment utiliz^ion, student morale and acceptance, and the ful- 
fillment of societal need. ^ 

If progress can be equated in terms of behavior changes then 
progress toward all higher goals will occur. 

Q 18. What controls appear to be necessary to guide the 
development of Engineering Technology laboratories? 

A 18. Perhaps t^inajor control for the development of 
Engi^neering Technology laboratories Is the same as the nef d for the 
development of Engineering Technology skills. HOGH FOLK in his 
treatise. The Shortage of Scientists and Engineers , states the fol- 
lowing: 

Engineering d«nand is demand for certain technical skills 
rather than demand for certain technical people. These 
skills are usually highly specialized and are quite unstan- 
d|l^zed. — Engineers are employed because of what they can 
or what they can learn> (21) 

It is not difficult to translate this same idea to all the 

various fields of technological education., for each requires a similar 

but differejit set of technical skills. The first control, €hen, is 

need for the product being. turned out. 

0/ 
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A second cflmtrol of major importance is the division of time 

alotted for each behavior change to be elicited. The effectiveness 

of laboratory instruction vs. traditional thq^bry by lecture must be 

recognized, A third control is funding. This control is not valid 

If appropriate Bxperience isj^t taking place bec^nse of inadequate 

funding. Costs fre valid only when adequate funding is provided. In 

the American Management Associati^ Report, Optimum Use of Engineering 

Talent , the following is stated: 

The problem of selecting facilities therefore resolves 
itself Into achieving a balance between the desire of the 
engineering department for maxlupn facilities and t^e desire 
' of the profit-center manager for zero investment In engineering 
assets. Adequate procedures and controls over the selection 
and acquisition of facilities are necessary to satisfy both 
desires. (22) 

Engineering Technology personnel make even. greater use of the 
equipment than the Engineering group. Technology greatly desires a 
wide coverage of> machine -types plus machines with greater special Iza- 
tion.j^The control that appears to be most appropriate In the devel- 
opment of Engineering Technology' laboratories could be called 
edudatlonal justlflcjitlon. Just as Industry uses economic justifl-, 
cation for the purchase of new equ1pn»nt, the faculty should be able 
to show the extent to which a new piece of gear will be used for 
instruction and the specific behavior changes .expected based upon 
student use. 

Q 19. Vftiat effect do en^loyment opportunities have with 
respect to shop and laboratory experience in Engineering Technology? 

A 19. Employment opportunities with respect to shop and 
laboratory experience are first related to the size of the contpany and 
the nmnber of technological people employed. The fJationfll Science 



foundation in its report. Science and Ency^neerinn in American History , 

provides the following data in 1954: 

Company Size ' * . 

by Total Employment Number of Engineers Percentage 

8 - 99 37,600 . 9.2 

100 - 499 - 50.,500 ■ 12.4 

500, r 999 21,400 5.2 

1,000 - 4,999 66,300 ' 16.2 

5,(JO0 or more . 232,900 57.0 

Total 408,700 100 % . 

(23) 

I Obviously, employment opportunities are greater in companies - 

employing 5,000 or mo employees. One could' also assume that these 

larger companies support more extensive* shops and laboratories. One 

might also speculate that larger compaijriff^ provide a greater division 

of labor and thus require greater specialization. If the above^N^ 

rationale is correct, then educational shops and laboratories have a 

need for more extensive equipment v/hich would aid In specialization. 

LEE DAIIIELSOM in his book. Characteristics of Engineers and 

Scientists , makes the following statement: 

Engineering schools don't provide the background that is 
necessary for a man to do a job in industry. An engineer 
must know how to. use the facilities arounji him. He must 
understand the shop and the -processes used to get things P 
done. For instance, a university graduate may start using 
a lot of formulas and complicated calculations. Ue don't 
have to go through all that procedure 'bacausel we have exper- 
ience. He may take all day to calculate the ^tor require- 
ments for a machn^ but we know them from expgrience. A 
university shoultf give a student work experience in a^ition 
to theoretical training. (24) • 

^ GEORGE C. BEAKLEY AfJD H. LEACH in their text. Careers in 

Engineering , point out another important fact about technological 

employment; 
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It should be realized, however, that the corapletion of 
a college course Is not the enci of study for an engineer. 
The pace of discovery is so rapid today .that, even with . 
constant study, the engineer Jiarely can keep ab^e^st of 
technological improvements. If the engineering graduate 
should resolve not to continue his techn^ical study, he 
would be far behind in technology within five years and 
probably would be con^letely out of step in ten years. (25) 

rio one knows for ^re what the future holds; hovjever, one can 

state with accuracy that, the future wilj cont^inue Jto require ever 

greater needs for technological capability, i.e., the application of 

math and science to the Optimum conversion of natural reso^irces to 

benefit man. Just as assuredly one can state that employment oppor- 

tunities with respect to shop and .labor^atory work will continue to 

increase and become an even greater aspett of technological education. 

RALPH J, SMITH in his book. Engineering As A Career , emphasizes' the 

Mue of the laboieatory: 

Laboratories provide training which can not be gained 
othen^ise. In addition to Spoken or written words which are 
abstract symbols of real thingsVexperinrental work provides 
information gained through the senses of sight", smell, touch, 
taste, and hearing. —The purpose of laboratory work is not 
just to illustrate the theory of the text and lecture. 
' Rather it should serve to «nphasize-the distinction betwe^ : 
theory and practice. ' It should develop skill in the Experi- 
mental method which forms the basis for the develojanent of all ' 
science. It should provide practice in observing, recording, 
ani reducing data and drawing conclusions therefrom. It 
should lead to an appreciation of the limits of precision of 
scientific measurement. It should in the case of engineering, 
provide an understanding of the practical problems of starting, 
controlling, and operating engineering equipment, (26) 

Q 20. How can the analysis and determination made in thi^ 
study serve Enqineerinq Technology? 

A 20. This study serves primarily in four areas. First, it 
directs the reader to a wide array of informative facts. Second, it* 
indicates current trends and possibilities for the future. Third, it 
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en^hasi?es the most essential findings. Fourth, it provides the 
author with an o#portunitj{. to set forih his own insights as a 
conclusion to this study. In i)rief , the essential concepts touched 
upon are as follows: 

(1) Emphasizes s^iop and la&or'atory activities as an indis- 
pensable part of all technological education. 

(2) Provides a profile of characteristics related to shop 
and laboratory work. 

. (3) Shoi^js that shop and laboratory work are an 'indispensablt 
tool to be developed by technological personnel , 

(4) Emphasizes that more tinfe should bp devoted to experi- 
mental work in shops and laboratories, 

{sy Points up need for in-depth study of methods to develop 
competencies in shop and laboratory.' » 

(5) Touches upon need for'a totally integrated system of 
technological education. ♦ . 

(7) Emphasizes the revolutionary advance in science and 
technology. * ' * ^ 1 - ' 

(8) Provi'des son^his^Or^cal. background to show why techno- 
logical education is dynamic anw that further change will occur. 

(9) Gives an ovarview of technical scientific education in 
the public schools. 

(n) Identifies t^pes of shops and laboratories; their 
function, basic organizational cnncep-t, essential method of problem 
solving, and types of equ/nnient. 

(11) Provides coi'^s^uct of technical scientific employment, 
overlapping operations and joint responsibilities. 
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(12) Places emphasis upon scientific method as the key to . 

s • 

applied science. 

(13) Provides a look into the, future in terms of new types 
of laboratories that will eventually emerge. 

(14) Points ou/the fallacy of the current trend to elimi- 
nate laboratory work In Engineering Education. ^ 

(15) Shows indication of some limiting factors. 

(16) Cites need for new approaches, 

(17) Places emphasis upon behavior change as the key to 
^ development of laborato^ly facilities. 

(18) Lists functional roles of technological work the stu- 

■ * • ■ 

dent experiences. 

(19) Indicates that the instructor's role is to create 
behavior changes, 

(20) Identifies Engineering Technology laboratories by a 
systematic approach to goal accomplishment. ^ 

(21) Provides a list of alternate activities currently used 
in lieu of laboratory experience, f ^ 

(22) Indicates program <tevelopment should be based on 
blocks of learning experience, rather than upon blocks of time. 

(23) Places emphasis upon how to think, not what to think, 
t<s a basis for educational develooment. 

(24) Indicates classical types of behavior changes. 

(25) El^orates upon problems of evaluation. 

(26) Introduces sorne control factors. 
(2/) Points out employment opportunities. 
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ODNCIiJSIONS ^ 

t 

The national welfare of this nation can be assured only if 
cippropriate tedinological conpetencdes are devek^3ed v/ithin oar 

4 ' 

society in sufficient niattjers to assure a posture St WDrld lefKier- 
ship in the field of aRjlied science. The appjtopriate conpctencies 
can be detained witliin the structure of the Federal Govemnent, 
Industij^^^and our Mucatioial Institutions. 

Public educational ijnstitutions can inprove their efficiency 
if th^ begin to utilize scsie of the techniques eirployed by the. 
federal government in its inany different institutions. Traditionally, 
.the government devalops conpetencies in a short period of time. Only 
large induistry can e3q>end funds to achieve the same ends as the fad- 
oral goveminent. Iixlustry must produoi in an optiimim manner. If 
this is not dene iri a capitalistic systatn, ccnpanies and corporations 
cease to exist. iScxtie few oonpanies are wiliing to^ share their 

^ stockholder* s profits by setting up prograns for students v*io will 

ft 

not become men4)ers of the organization. Some modest programs are 

offered to attract talent that is ibout to be tc^^^ed oyt. Usually 

tliese prograrns are in lieu of 'e3^>ensivB recruitment ^ especially if 

the axpany is one vdiich must have a cxMitinuiiig supply of expertise 

and knowledge to .rtHnain •cxpnpetitivc. Too frequently prograns of 

trairujiy in iiKlustry deteriorate to progra^is of inexpensive labor 

( 

a'44)ly with the student ix^rfomdng tasks loading to corjxirato erds 
rather tiuin o[->*:iinal odLKraLional devolc^ient. Fqr tiie foresoeabln 
future nK)3t of tlio tc<jhnolof|ical cj^pertise will liave to Ixi dc!velc)pix1 



witJiin oiu- (xiucational institutions 

f 
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Bdu::atianal institutions are frequently restricted by virtye 
of the funding process. question that nust )x5 a^w^rod is, "ViJhat 

should the balance Bio between develc^jing an c^itiml educationiil 
enviroraient airl keying e3«penditures^ at a miniimii^' The author of 
tills paper feels that a balance can be made based only upon the 
criterion of achieving a^ropriate behavior changes in an cptiman 
manner. B^iavior changes can be tested £md performance tests used 
cts possible checks. 

• » 

EiqxDsure tiine required to develop the required bdiavior Can 
be neasured in terras of time and inoqgj||^^}lied to secure facilities, 
equipment, materials, systems of record keeping, and adequate person- 
nel. Industrial methods of oostir^ can be ^jplied to obtain exact , 
educational cost for specific functions and facilities. Only when 
we ccin equate educational costs against learning outcomes will it be 
possible to optimize our system of education. 

Laboratori^ must be evaluated upai their cxMitritaition to 
securing specific behavior chan*^. As this paper has indicated, 
some b^iavior changes can be learned only in the laboratory. Some 
behavior chains can be achieved within a variety of settiiKjs and 
in ccmbinatioi with other forms of instructicxi. Vftiat is sorely 
needed is an in-depth investigation of what curricula and methods 
achieve tlu desired behavioir changes in the most* optimum manner. 

There cucv many Forns of tcx^hnological cxlucation offered in , 
Uie United States. I%achr dnvolopr. and operates its own proqram and 
not enough attention is diroctod to provldin^i continuity for tlie 
students Est^iblishiivj such a syston vrould oonservG t^ime and 
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money and at tha sait^ time lock to the social issues of job 
satisfaction. 

WithxTi cK:ademic institutions laboratory alternati\^s are ^ 
dispersed upc»i 'a spectnm with maxiitun laboratory utilizaticHi at one 
end, arKi no laboratory utili^saticxi at the other erd. It will always 
be trt^ that theory con be given at mininal cost v^iere^^ laboratory 
^utilization is wore costly. Can wo afford arbitrary decisions? Can 
\tJO afford not to subject various programs, plans, and concepts to' . 
thfe* research mc^tlKxi? licM is the time to determine optimal ways^of 
sqpuring required behavior chiinges. 

The best v/ay to secure interest in tliis field of endeavor 
appears to center around visibility of puri)ose. for this reason, 
this study v/ill be ccaicluded by ^ listing of advantages of laboratory 
instnxrtion. The advantages in scxne cases appear to hav^ similar 
olijsrents; 'pet^haps the variqiis contrilxitors had a smaior ixlca in 
Vdnd. The purposes and c^lvantages of laboratory instruction follow 
in hn unrai^ed list* 

StK?ps and Laboratories: '* ♦ 

1. Are tho sK^enes of new discoveries. 
^ 2. Stinrulate fxirtiier de\«lqpments in tecJinoloqy. 

3. IjT^^mve cperations of theotetical folgineers. 

4. 5ierve to develop an instinct for eoorxipy. 

5. Provide a mDasiire of reality. 

6. Provi({(! of^x^rtunity to make fidT uhi liTtation 

♦ 

of lh^ r;cLcntific method . ^> 

7. Rnlatc^ thcvnr^' t:o prachic^^.- 
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8. Provide specialized cixperiences . 

9. Froquently suggest new studies. 

10. Are in thcanselves a problem solving process. 

V , 

11. Provide c^portunities for education in hurun delations. 

■< 

12. Have tlieraputic value in that they provide for a * 
release of tension* 

13. Allow for the testing of theories, 

14. Provide a neasute of career guidance • 
' 15. Relate ttoughtf ar^ ^tion prtxaesseSi 

16. Are dynamiq methods of learning. . 

17. Can assist in developijig^pecialization. 

18. Develc^ tha visualizaticm) process. 

19. Are, as an educational process^ frequently ^sier than 
theoretical analyses. 

20^ Wihh extensive use of models^ eliminate worry about all 
considerations of factors taken into account. 

21. Prpvidc prte^ienplqyinent experiences. 

22. Provide for thn deve].opment of ncv; interer^h. 

23. Ser\*G as aids to instruction- , 

24. Develop practicing engineers. 

25. Utilize mental c^ipcibilities of abiiorption^ retention, 
rensonincj, and creativity. 

26. PrrA'ide r^fx^ciali'/ocl oxpt^ric?nc^*s. 

27. Con bo uf^exl in tlie prcpciraticm of training aidr,. 
28- Provide^ for dyn.miic processes of d(*vc^lo{4friiL froti a 

general i5 liir :ah ion \ .vise • 
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29. Can provide certain types of behavior change irore readily. 

30. Call be designed to instjdl technological oanpetency. 

31. Are used in tectching basic instnanentaticMi. 

32. Teach the technique of analysis of ecxperimental data. 

33. Provide of^rtunities for practice in technical 
communicatitffi . 

34. Develop attiti:des of reseeircli. 

35. Teaqh Uie organization of texts. 

36. Provide for both vicarious and directed educaticaial r** 
procx2Sses, ty moving from ea^jerienc^ to the leamir^ 

and moving fron the learning to ea^rienoe. 

37. f-feet the needs and interests of students. 

* « 

38. Are valuable in the introduction of concepts. 

39. Provide the cpportunity to work with real equipment. 

40. Provide for the develc^nent of tnodels to subsume 

0 

Ln formtion. 

41 • Provide some op^»rtunities for supervision and nianage- 

rxiTit throu^ groi^ projects. 
42. Toach pec^le to experiment. 

43- iTovido ccntinual reinforcement in the learning process. 

44. Help the student rmke future value judgmEint^. 

45. Provide an essential tool for intclliyent research. 

46. Provide opwDortunities to Icam basic skills. 

47. {'rovide opportunities to establish control procedure:^. 

48. ^ Are vaLuible in the prcx.-ess of dinc3r^vr»ry leaminq. 

f 

49. AiUi interest /tml challenge for youth. 
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50. Provide ej<f donations of the less obvious as^-jects ot 
tedinological education. 

51. Allow for integration of concepts. 

52. Simulate systems by devices to provide the basic action 
of systenis. 



53. Provide tlio individualized experiences. 

54. Are tools for expression in drawing. • 

55. Serve to si^plement and stretngthen subject raatter, 

56. Give purpose to the teaching of theory. 

57. Provide practice in writii^ engineering reports, 

58. A^raken scientific curiosity. 

59. Can serve jks a basis for the cultivation of good vork 
hnbits.. [ r 

60. Develop techniques in th^ use of equip^ient. 



^61* Teach the inportance of scientific procx:dure i^^cicntific 
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investigation. . ^ 

62. . Provide for socialized e^^serienccs • 

63. Provide experience in the evaluation of e^qxjricntal data- 

♦ 

64. Provide e^^rience in real- situations. 

65. Assist in the recofjnition and formulaLion ni problenis. 

66. Lctid to the introduction of many of tlte matorilils U3t>d 
in the field. ^ 

67. PC^Vt^lop conscLc)!i5;n<\si3 of valt^ s and cxyrA s;. 

68. D''^lap apprcKriat.ion for tit » pmc'^?si; of inncjvaLioiK 

69. l\it cjT^^hasiii uj^xm dr? himtn factorn in on/ui'jorinq, 
70% I>^v»l()|) <i c:riticMl |x)inh of vi^*^. 
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71. Offer anvle cppoirtuniti€5s for sclf-developnont and 
inprovt^nent. % 
72 • ElTi^iasize the concept of reliability and workability. 

73. Help pace rapidly e^^ianding tediralogy* 

74. - ^^ove pedagogical math back to an e^^^perirroital base. 
75 • Develop i^w knowledge throuc^ e3q)erinientation. 

76. Allow for oonixiter fac.ilities to simulate or extend 

pc^toiticdly useful projects in^robl^ solving. ^ 

- » * 
11. Deve]^ ski^in ccxistructicEi of laboratory a|^>aratus. 

78. Give ^significance to dourses by providing for the devel- 
opment oc teaching theories. 

79. Give stuaimts an aj^poach to problems similar to ttose ' . 
experienced engineering practice. 

80. Develop self confidence. 

81. Peinforce the scientific and engineei:ing principles 
given in lectUte courses. • ^ , 

82. Aid in tlie develofriient of judgnent thrcHigh valuable 
experinental investigations. 

83. * Provide introduction to related techniques and supplanent 

classroom instruction. 

84. '>^Cah doN^lop proficiency in nwinual skills. 

85. Devolc^a framework of mind ard the tediniques vjiiich 
Ghoiilci cjncible the cjradikiLe to pl<iy his [>rtjprir role in 
iinclu^^try* • 

8b, D^'^^^'lOf) h:ii)iLs of crareful invent iqa tier i. 
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♦ 

87. Assist students in translating v^irious academic pnxjrara 
resquimnents to t±ie students* cbnceived dajective of 
use and application.' 

88. Provide first hand crjqserienoe as opposed to information 
obtained fran printed page. 

89. Provide training that cannot be djtaijfiod otherwise. 

90. Serve to ear^^size the distincticai betwi^n theory and 
practice. 

91. ^ Provide practice in ctoserving, recxsj^ding, reducii^ data, 

and drawing oaiclusiGns. 

92. Allow for the develqfuient of teanwork- 

93. Develop inventiveness. 

94. Put onti^iasis upcm the aKJlicaticxi of knowledge. 

95. Help provide realistic ej^jectations of work in Industry. 

96. Stinulate students to develqp to tfieir maxiirnKn. 

97. Allow for problem solving of a practical nature. 

98. Open the door to adventure. 

99. Provide a nonsnt of reality. 

100. Frequently allow' for the discovery of results not anti- 
cipated, by theory. 
It seens apprc^riate to conclude this list of advantages 
though there are nany noro that could be listed. At 'the sainu t-in«, 
full rttcevinition is giv6n ta tivj sinularit.y of kcotq itcans. Tho 
loboratpri' is not limited in scope and is modem in conception. To 
Ix^ {jrc^xirly used it must bo dynafaic and constantly changing. 

61 
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The educator should ask such questions as: 

' 1. \*at are you going to do? 

2. Vtty are you going to do it? 

3. ' How are you goij^ to do it? v . . 

4. v^t will it r^laoe? 

5. Vfiiat ideas will it tcsadi? 

6. V«iere will it fit in? 

WHINNEY states: 

The use. of the laboratory in Education is for the 
purpose of giving students active and direct experience ^ 
by letting them do the things that they hSwe read about — 
The laboratory then is a plaoe to work, to\hink, to 
explore, to emerienoe, and to exercise ingoiuity and ^ 
resourc^f ulr^^ to make things perform in a desixed 
' manner. It is knowledge in action that, .in turn, results 
in more knowlec^. (27) 

m 

Someone once sai^that a practiticsier of sailed science, 
who does not have an adequate background in shc^ and laboratory 
work, is akin tx> a surgeon witlKHit prart:ioe. It is hoped that each 
reader of this article will reappraise the values of shop and 
laboratory instruction and personally prpvide more opportunities 
for his students. As a professicxifd. groijp vie must insist upoi optimal 
edLcational ejq^eriences. 
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